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ABSTRACT

So that more precise correlations between fu l l  scale observai~ ionsand a na l y tic al a nd mod e l r es u l ts could be ca r r i ed  out , one of the objec-
tives of the instrumentation program for the SL-7 class container shi ps
was the provision of instrumental measures of the wave env i ronment.

• To this end, two wave meter systems were insta ll ed on the S.S. SEA-LAND
McLEAN . Raw data was collected from both system s during the second
(1973-1974) and third (197 4-1 975)  winter data collecting seasons.

It was the purpos e of the present work to reduce this raw data,
to develop and implement such corrections as were found necessary and
feasib le , and to correlate and evaluate the fina l results from the two
wave meters . In carry ing out this work it was necessary to at least
partl y reduce several other channels of recorded data , so that , as a
by-prod uct, reduced results were also obtained for midship bendin g
stresses, r o l l , p itch , and two components of acceleration on the ship ’s
b r i d g e .

As th e work progressed it became evident that the volume of docu-
mentation required would grow beyond the usual dimens i ons of a sing le
technical report. For this reason the anal ys es, the methods , the
detailed results , dis cuss ions , and conclusions are contained in a series

• of ten related reports .

This report is one of the six in the series in wh i ch the detailed
results of the data reduction process are presented . Inc l uded in this
report is the reduced data from the Third Season Voyage 61 .
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INTRODUCT ION

It was one of the ob j ectives of the SL-7 full-scale Instrumenta-

tion program to provide a direc t instrumental measure of the wave

env i ronment so that more precise correlations could be made between full -

scale observations , and analytical and model results. To this end the

shi p was fitted with a micro-wave radar relat ive wave meter and various

motion sensing devices . A “Tucker Meter” pressure actuated wave hei ght

sens i ng system was also installed .

The purpose of the present project is to reduce and anal yze the

resulting radar and Tucker meter data obtained on the SEA-LAND McLEA N in

the second (1973-1971+) and third (1974-1975) winter record i ng seasons .

The purpose of the present report is to present the reduced data from the

Third Season Voyage 61 .

BACKGROUND

Since the purpose of the present report is onl y to document a

portion of the reduced data , it should be noted that details of the experi-

ments themse lves , and of the anal yses l ead i ng up to the present results ,

are contained elsewhere . To be specif ft, References I and 2 contain , for

both record i ng seasons In question , a full account of the instrumentation ,

basic record i ng, and the nomina l circumstances surround i ng the present

data. References 3 and 5 contain the detail of the reduction of the orig-

ina l data to dig ita l form. Reference 1+ contains the detail of the analyses

and of the procedures used in generating the present results . Finally,

Reference 6 contains the s ummary, d iscussion and conclusions .

NOTES ON THE CONTENTS

Each voyage leg was processed, and Is pres ented, as a un it . The
f irst part of the presentation for each ~‘oyage leg is a four—part table.

$ 
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Parts a and b of each table contain the log book data extracted

f rom Ref . I or 2. With the except i on of the first column of each page,

the meaning of each entry is that established by Teledyne Materials Research.

The firs t column is the run number assi gned to each interva l during the

dig itization at D.L. This number is retained for identi f ication throughout.

Part c- of each table is a comparison of results from the present

d igitization with that at TMR. Five col umns are stress results obtained

at TMR. Stresses are presented in thousands of pounds per square inch.

The columns marked 6 through 8 are from the present digitization . Column 6
“range of recorded extremes” was computed from the first pass anal ys i s by
sca l ing the extremes in each interva l and subtracting the smallest extreme

-: from the largest. Co l umn 7 is 2/2 times the process rms. Th is estimate

should compare with the value given by TMR for “rms P to T stress,”.
• Column 8 is the d ifference of the sample mean of the interval noted, from

the sample mean of the first interva l digitized in each voyage leg . The
remaining columns ar2 various rat i os of present results to those obtained

by TMR.

Part d of the tables involves indices of the magnitude of raw radar,
roll, p itch, vertical and transverse acceleration, and Tucker meter signals .

The firs t index in each case is 4,0 x the rms. The second and th ird indices
are the positive and negative extremes for each channel . The extremes

observed for roll and pitch were corrected for electrica l zero on tape

before scaling. The extremes for all other items were corrected to the
• samp le mean before scaling. The senses of pitch and Tucker meter are not

correct for reasons noted in Ref . 1+, and i t is to be emphasized that all
• data is raw (uncorrected for anything) .

• The second part of the presentat i on for each voyage leg i s a series
of charts, a pair of charts for each interval . The first of the pair

includes plots of spectra of midshi p vert ica l bending s t ress, roll, cor—

- 

• rected radar wave elevat ion, Tucker meter wave, and the mean dynam ic head
at frame 119. The “mean dynanic head” is a part ial correction of the

Tucker meter as deta iled in Ref. 1+. At the left of the firs t chart is a

tabu lat i on of various data; portions of the log book data from the tables,

two ind i ces of midshi p s tres s, a summary of the magni tude of motions,

2
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1 and finall y a table summarizi ng wav e height sta tist i cs obtained from

spectra as we ll as peak-troug h anal yses of the time histories .

• The second chart of the pair for each interval are samp le time

histories for five of the channels of information treated in the firs t

chart. As noted in Reference Li, there was at the end of data reduction

16— 1 /2 minutes of valid radar wave elevation data . To produce the charts

an 8— 1 /2 minute portion of this samp le was selected .

I A fuller discussion of the backg round and conventions emp loyed in
• the charts is presented in the A ppendix.
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-~s APPENDIX

THE DATA REDUCT I ON AND PRESENTATION PROCEDUR E
. 

ACCORD I NG TO THE DEVELOPMENT IN REF ERENCE 1-s

~ 
The data reduction-i procedure for each interval involved :

a. Four main computation prog rams, the last one of which

~ 
produced a complete file of results for each interval.

-
~ b. Two l ister programs to supp l y immediate ind i cations of

~ 
some of the results .

~ C. One file consolidat ion program wh i ch produced one file

~ 
for each voyage leg containing everything but the time

- ~ histories of radar wave and mean dynamic head .
-
~ 

d. Two programs to generate the fina l graph i cal presenta-
-~ 

tions for each interval .
I tems b through d amount to bookkeeping operations . The work was done in
the four main computation programs .

The firs t computation program carried out the procedure described
. ~ in Reference Li for the radar. At its conclusion the radar wave spectrum

- I. and the computed time history were written in temporary f i l e s  as was the
time history of vertica l displacement at the radar.

: - The second program i nvolved reduction of the Tucker data . Both
the origina l data and the disp lacement file produced by the first prograui
were accessed . The procedure was carried out so that time histories of • -
mean dynamic head and the Tucker Meter si gnal were available. These were —

spectrum analyzed , and a l l results written in a temporary file.

The third computation program accessed the various wave—related
time histories (radar, Tucker, and mean dynamic head) and performed a
peak—troug h ana l ysis on the middle 16—1/2 minutes of each. (Because of
the tapering described in Reference 4 both the radar and mean dynamic
head da ta are not val i d fo r the f i rs t and las t two minutes of samp le .)

• The object of the peak-troug h anal ysis was to produce double amp litude
statistics . The zero crossing convention was used ; that is , a cres t was - 1
def i ned as the larges t instantaneous va l ue in an excurs i on above the
samp le mean, a t roug h was the smalles t instantaneous value in an excur-
s i on below the sam p le mean. The doub l e  amp litude is the difference in
elevation between crest and succeed i ng trough. In this approach small
fluctuations are more or les s ignored if they are riding on top of large
ones. The res u l ts res emble  the double  amp litudes wh i ch would be esti.nated
by hand f rom an osc i l l ogra ph record excep t tha t the ha nd ana lys t wou ld
probably visual ly fair throug h superimposed noise whereas the computer
does no t. The effect is that while the computer gets about the same
number of doubl e amp l itudes as the human ana l yst, the computer ’s ant-wers
tend to be higher if the records are noisy. From the double amp litudes

4 found , the average of 1/3 and 1/10 hi g hes t wer e computed, and the position
i n the samp le of the larges t double amplitude was noted . Al l results ,
inc l ud i ng the ac tual double amp l it udes were wr it ten in a temporar y f i le .
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The fourth computation program accessed the orig inal data and per-

- 

, 
formed spectrum analyses upon the midshi p vertical bending stress and roll .

- It then accessed all prev i ously written temporary f i les and produced a
new file containing all of the results for the interval. These results
inc l uded log—book data, results of the first analysis of raw data (Ref .3,5),
f i ve spect ra a lo ng w it h a l l  ana lys i s parameters , all results from the
peak—trough analysis , and the two new time histories , the radar wave and

~ 
the mean d ynami c head . These files were meant to be stored on magnetic

~ tape for poss i ble  fu tu re ref erenc e.

- The fina l presentation of results for each interva l is contained
~ on two char ts. The f irst type of chart (which appears on the even numbered
; pages of this report) contains the sca~ar spectra and a ta b u l a ti on of
- 

resul ts. The second type of chart (odd numbered pages) i nvolves sample
. time histories . Both are identified at the bottom with the DL run number,
4 the voyage number , the ana l og tape and i n terva l numbers, and the i ndex

~ 
number assi gned by Teledyne.

Referring to any even page, the tabulation at the l eft is intended
- as a summary of the mos t s i gnificant numbers pertaining to the interval.
- At the top is as much of the orig inal log-book data as it seemed reason-

- able to squeeze in. This includes date, time, position , and shi p speed,
as well as the visual estimates of wave and swel l hei ghts and d i rec ti ons.

~ 
Directions are counted from the bow to port or starboard in degrees . The

: “sea state” is apparently the Beaufort wind . The fina l line in the first
Section of the tabulation includes comments on visua l weather and , after

-
-

- 
- 

, 
the slash , any other comment appearing in the log.

~~ 

—

F- The second box in the tabulat ion i nvolves midship longitud i nal
~

- stress results . Onl y two of the many numbers which are available could
5~

_ be included as ind i ces. The first is the maximum peak to trough st res s
,

~ excursion as obtained in Reference I or 2. The second index is the
~ si gnificant stress (1~ times rms) as derived from the area of the stress

~ 
spectrum obtained in the present reduction .

~ The third box in the tabulation is a summary of motions . Again
~ the “si g n i f i can t” motions (k rms) are indicated . The val ue for roll was

der i ved from spec t rum area , that for pitch and accelerations from the rms
- 

- of the basic data . (Unless there are significant linear trends in the
da ta the d i f f e re nces are sl i ght between l i raw l i  and 1 spectrum” rms.) The

~ las t three item s in the list i nvolve various stages in the radar data
reduction. The first is the slant range as recorded . The ~vertica 1

- ra nge i s R
~
(t) of the radar ana l ysis . This entry is essentiall y the

vert i cal component of the range relative to the position of the accel-
erometer package. The number was derived from the spectrum . The last
entry is the signi f icant disp lacement at the radar (significant doubl y
i ntegrated acceleration) . I t too was derived from spectrum analys es.

In a sense, the table at the bottom of the tabulation contains the
f ina l numerica l answers . I tems in the first column pertain to the uncor-
rected Tucker Meter signal. The second col umn pertains to the mean dynamic
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— I  head developed in conjunction with the anal ysis of the Tucker meter, and
~ the third column pertains to wave elevations derived from the radar system.

- The f i r s t row i n  the table is the number of double amp litudes found in
- the middle 16— 1 /2 minutes of the sample. Below this are noted the max i-
- mum height found and the averages of the 1/10 and 1/3 highes t double

amplitudes . The final line in the table is the si gnificant (4 rms) hei ght
— derived from the spectral anal ys es. Ord inaril y it is expected that the

~ ~ las t two lines of the table will be about the same.

~ _ ;-_ 
- At the rig h t of any even page are p lots of the five computed spectra.

~ 
-
- -

- It was decided to standard i ze the frequency scale from 0 to 2 rad/sec .
~

- - In the great majority of intervals everything of interes t is contained in

~- 

-

~~ 
this range. In some intervals one spectrum or another is non—negli g ible

~ 
- beyond 2 rad/sec bu t noth in g mu ch has been seen beyond 2.5 rad/sec for

: ~ any of the quantities anal yzed except in the stress spectrum where some-
— - - thing may often be noticed around the frequency of the firs t mode of
: .~~ 

ver ti cal v ib r a t ion. The fold in g frequency of the analyses is above

~ 
20 rad /sec ; no al i as ing i s expec ted, Reference 3.

- 
_Ic The st ress and ro l l  spect ra are p lo tted together . The vertical

- ~ sca l e is for the stress spectrum . The rol l spectrum has been multiplied

~ 

- -

~ 

by the factor noted in the legen d before plotting . Dimensions of the
- 

-
~~ stress spectral density are (kpsi

2
/rad /sec) and those of the roll spectral

: ~ 
dens i ty are (deg2/rad/sec).

-

I 
~ All three wave related spectra (Tucker, mean dynami c bead, and

~- [ 4 radar) are plotted together to the same scale. The dimension of the wave
- spectral density is (feet

2/rad/sec). In the wave spectrum plot there is
- a vertica l (sli gh t ly  jogg led) dashed li ne. This line marks the position

of the low frequency cutoff, w~, discussed in Reference 4 in conjunction
with double integrat i on of the vertical accelerations . It is correct to
interpret the position of this line as meaning tha t the double integration
has been done correctly for higher frequencies , and incorrectl y for l ower
freque nc i es.

- There are several details about the spectrum analyses wh i ch are
not documented i n  the plots because they are constant throughout the data
reduction. First , the normalization of the spectra is such that the
spectrum area equals variance. All spectra are derived from a Fast - :
Fourier Transform analysis of an 8192 point samp le. The fundamental
results i s  k096 spectral estimates of 2 degrees of freedom each. These
estimates are uniformly spaced in frequency at a delta-frequency of
0.00511 rad/sec. I n order to improv e statistica l reliability , the bas ic

- - 
spectra l estimates were averaged i n  blocks of 20 e s t i m a t e s  at intervals
of 10 estimates . The resulting averages are thus equi—speced on the
frequency scale at intervals of ~W = 0.0511 rad/sec. This also means

I tha t adjace nt spect ral  est ima tes as show n i n the p lot are not quite inde—
- pendent —- to abou t the same degre e as spectra l estimates from the older

autocorrelat i on methods are not independent.
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I ~ As a resul t of the averag ing, each spec t ral  es tim ate has 1+0 degrees
-f 1~~ ~~ freedom associated with it. Accord i ng l y, the 90% confidence bounds on
I the spec t ra show n in the char ts may be formed by multi p l y i ng the va l ues
I given by 0.72 and 1 .51. Had the process samp led continued indefinitely

- -i- and a la rge number of 20.5 m inute samples been obtained and ana l yzed,

~ 
ni n e out of ten of these new estimates of spectral density would be

~ 
expected to lie within the bounds so constructed . The pract i cal imp l i ca-

~~~~
- tion is simp l y that the influence of samp ling variability upon the g iven

— 

~~ 
numerica l results is roughly the same as that associated with the result

~~~~ 
of mos t other f u l l  scal e wav e m easurement exerc i ses .

~~ 
The last detail of the spectrum analysis is the “total degrees of

- ~
-

-~~ freedom.” This number is included in parenthes es at the end of each line

~ 
of legend because it depends upon the shape of each individua l spectrum .

~ 
I t is an estimate of the proper number of degrees of freedom to use in

~ ii 
construct i ng confidence bounds on the samp le var iance. If each of the

-- numbers in the present 8192 point time histor i es had been p icked randomly

~ 
the ~total degrees of freedoni

H would be 8191 . This is not the case ——
adjace nt members of a l l  the p resen t ti me ser ies  are h i ghly correlated so

~
- 

~ 
that the equivalent ~random

I sam p le size is much smaller . I n the present
L 

‘ da ta set the “total degrees of freedom” (TDF) is expected to vary between

~ 
60 and 600. Approximate 90% confidence bounds on the variances assuming

-
~~ a Norma l zero mean process, may be constructed by multi ply ing the estimate

L ~ by two factors derived from the percentage points of the CM—square dis-
r tribution . Examples of the values of these factors are g iven as follows :

- - TDF Factor for Factor for
Lower Bound Hiq h Bound

60 .72 1 .32

120 .80 1 .27

200 .84 1 .17
LpOO .89 1 .12

600 .91 1 .10

These are factors for the variances . The squa re roo t ap p lies to the rms
- val ues so that very rough l y  the 90% confidence bounds on rms range from

the samp le rms ± 15% for TDF 60 to the samp le rms ± 5% for TDF = 600.
The practical implications of these results are quite similar to those
mentioned in connect i on with the confidence bounds on the spectra. There
is only so much “precision ” obtainable from one 20 m i n u t e  sam p le of wave
elevation -- that wh i ch was attacined in the present work appears compar-
able to that ach i eved in the past in similar stud i es. With respect to

- comparisons between wave meters or between data and predictions of rms
shi p responses there can be little justi fication to a concern about
differences of 5 to 15% magnitude.

The sample time histories on the odd numbered pages need little
explanat ion, excep t perhaps to say tha t the d u ra ti on of the samp le shown
(8— 1/2 minutes ) was a compromise between a des ire to disp lay as much of
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the 16— 1/2 minutes of derived wave time histor i es as was possible in one
~~~~

‘ 

page; and the des i re to spread the time scale out so that individua l
fluctuations were visible for intervals i nvolving high shi p speed in head
seas. To produce the charts an 8—1/2 minute portion of the available
16— 1/2 minutes of samp le was chosen such that the larges t radar wave
double amp litude is shown -- as well as (if possible) the largest mean
dynamic head double amplitude.

It may be fairly asked why the effort in producing plotted time
histories for each interval was considered worthwhile . The answer to the
question is fairl y simple . While the present data in its ori g inal ana l og
form has been scanned systemat i cally by eye, the process i nvolved oscil-
lograph records with a time scale of about 15 miflutes to the i nch.
At this time compression onl y a gross idea of what was happen i ng can be
formed, no detailed assessment of the believability of the data can be
made, and, most importantly, the odd ma l funct i on which is enough to upset
the spectrum estimates or the statistics may often go unnot i ced. Th i s
last is considered most important in the radar data. It was poi nted out
in References 3 and 5 that an attempt was made to weed out intervals where
the radar had evidently lost si gna l and re-established a new reference
range. In this process only the most obv i ous instances could be identified;
no guarantees could be made that all instances of moderate or small magni-
tude had been eliminated .

L

1~
92 ‘ 1

hA 
_ _ _



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - ..j ~~

UNCLASSIFIED
~~~C ~~~~~~~ CL ~~~~ :. - ~~~ ~~r ~~~~~ ~~a~~( ‘‘..- 0. .  ~~,.. .j.

R~ PflDT IIu r.~JTA rIri~J D A f ~~ READ INSTRUCT1O~~S
~~‘ ~~~~~~~~~~~~~~~~ ‘ “ I  ~~ BEFORE COMPLETING FORM

I 
~2 GOVT ACC ESSION NO. 3 C I P I E N Y s  C A T A L O G  NJM3ER

SL- 7-22
TY~~1 O  EPORT ~~~~~~~~~ ~~~~

~ ~1i~DAR AND .I LLJCKER ~~VE~1ETER DATA FROM MA-LAND Technical i~ ~ ti! ~~çLEAN - y~ØYAGE 6t~ 
I —

-~~ 6. 
~~f!e~~

.UING ORG. R W • aT j~~~4~~

_________________________________________________ 

fr r .  IT-D~-77-~943
7. A ,~~~ i 3R’ a. _____ I. ‘-~~-~~

_ _ _ _ _ _ _ _  

~ i4 74 c 5451
J

2 PER’ORMING OR~~A NIZA T ,ON N A M E  AN D AOC RESS 10. PROGRAM CL EMENT. PROJECT . A SI(
A R E A  &jW ORK UNIT NUMURS

Stevens. Institute of Technology SF_ 442_7~3-O6
Hoboken, N.J. -Task 17953 - SR-1221

1 % . CONTROL L ING OFFICE NAME ANO A DDRESS IS. REP 10*11

Department of the Navy
Naval Sea Systems Comand I’.

W~~ hinntnn j
~ 

C 
~~~~ 92

14 MONIT ORING A G ENCY F~AM~ o ’A DORESSOI dif!.?.q,t from Controltlnj Ollic.) IS. SICIJRITY CI.ASS. (.1 SkI. r.pofl )

Ship Structure Committee UNCLASSIFIED
~~~~~~~~~ G~a~d ~~~~~~~~~~ I5.~. ~~~~~~~~~ I(IcAysou/ DOWNGRADING

15 O ISTRI8U T ION S T A T E M E N T  tel U,ta R.porl)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

17. O I S T R I S U T IO N  S T A T E M E N T  (of 1k. .bafraCt .nt.r.~ Sn h ock 2O~ ii dlll .r.r t It .., R.p.rI)

UNLIMITED
I I .  SUPPL EMENTA RY NOTES 

~~~~~~ ~~~~~~~~ -

15. I(EY WOR DS (ConUnu. on ,.v. r,. .id. it  r,.c....r, ~~i Id.ntIty by block nurb.t) - -

~~~~~
20 A S ST R A CT (Co~Uinui on ,.r .r.. •ld. II n.c.. ..r, .~d ld.nUfy by block rna b.r)

So that more precise corre lations between full scale observations 
—
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was the provision of instrumental measures of the wave env i ronment.
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It was the purpos e of the present work to reduce this raw data,
to develop and imp l ement such corrections as were found necessary and
feasibl e , and to correlate and evaluate the fina l results from the two
wave meters . In carrying out this work i t  was necessary to at least
partly reduce several other channels of recorded data , so that , as a
by-product , reduced results were also obtained for midshi p bending

• stresses , roll , p itch , and two components of acceleration on the ship ’s
bridge .

As the work progressed it became evident that the volume of docu—
mentation required would grow beyond the usual dimensions of a sing le
technical report. For this reason the analyses , the method s, the r —

detailed results , discussions , and conclusions are contained In a series
of ten related reports.

This report is one of the s ix  In the series In wh ich the detailed
results of the data reduction process are presented . Inc luded in this
report Is the reduced data from the Third Season Voyage 61 .
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